We hypothesised that there would be alterations in markers of endothelial damage/dysfunction, platelet activation and thrombogenesis in patients with peripheral vascular disease (PVD) as a result of undergoing diagnostic angiography and therapeutic angioplasty. To test this hypothesis, we measured sequential changes in von Willebrand factor (vWf, an index of endothelial damage/ dysfunction), tissue factor (TF, an index of thrombogenesis) and soluble P-selectin (sP-sel, an index of platelet activation) in 52 consecutive patients (32 male; mean age 69 years, SD 10) who were undergoing elective angiography and angioplasty for PVD. Patients with PVD had significantly higher vWf and sP-sel levels compared to healthy controls (both p ! 0.001), but median TF levels were not significantly different (p = 0.344). In the whole group, there was a significant reduction in sP-sel levels (p ! 0.001, paired t test) post-angiography/angioplasty, but no significant change in vWf and TF levels. In patients undergoing angiography only, there was a significant drop in mean sP-sel (p ! 0.001, paired t test) and vWf (p = 0.044) values after the procedure, whilst TF levels were not significantly changed (p = 0.370, Mann-Whitney U test). In patients undergoing angioplasty and stent, mean sP-sel levels fell immediately after the procedure (p = 0.001, paired t test), but there were no statistically significant changes in vWf and TF-levels. In conclusion, there appears to be a reduction in plasma sP-sel levels following angioplasty and stenting for PVD, suggesting alterations in platelet physiology, which may be accompanied by some alterations in the endothelium. The possibility that these changes may have pathophysiological implications for understanding platelet and endothelial reactions to angiography and associated interventions (that is, angioplasty and stent) needs to be explored.
Introduction
Angiography is an important method to determine the extent and severity of peripheral vascular disease (PVD) and is well established. The effects of contrast media and the angiography process on markers of endothelial and platelet function and thrombogenesis have been studied in both peripheral [1] and coronary artery disease [2, 3] . There has been little agreement between the results of the different studies of angiography in endothelial and platelet function. This may be due, in part, to the lack of distinction between angiography and angioplasty and stenting. It is apparent that none have investigated the effect of intervention (angioplasty and stenting) in patients with PVD compared with angiography. There have been some studies investigating the effects of coronary angioplasty and stenting on platelet activation [2, [4] [5] [6] and markers of endothelial function [2, [7] [8] [9] but not in PVD. Some contrast media are known to cause disturbances in platelet and endothelial function in vivo as well as in vitro [10] and further hypotheses have been tested that the X-ray themselves may be responsible, although this remains largely unproven.
We hypothesised that there would be alterations in markers of endothelial damage/dysfunction, platelet activation and thrombogenesis in patients with PVD as a result of undergoing diagnostic angiography and therapeutic angioplasty. To test this hypothesis, we measured sequential changes in von Willebrand factor (vWf, and index of endothelial damage/dysfunction), tissue factor (TF, an index of thrombogenesis) and soluble P-selectin (sP-sel, an index of platelet activation) in consecutive patients who were undergoing elective angiography and angioplasty for PVD.
Patients and Methods
Fifty-two consecutive patients (32 male; mean age 69 years, SD 10) who were undergoing peripheral artery angiography and/or angioplasty/stenting for proven PVD were invited to take part in the study, and informed consent was obtained. The criteria for peripheral angiography in our hospital are severe debilitating intermittent claudication (Fontaine stage IIb) or ischaemic rest pain with or without tissue loss (Fontaine stages III and IV). There were no differences in the demographics between the two groups.
All patients had blood taken from the antecubital fossa for routine laboratory analysis as well as into a Vacuette container (Greiner Bio-one) containing anticoagulation of sodium citrate 3.2% immediately prior to the beginning of the procedure, immediately after the removal of the arterial sheath. All the angiographic procedures were carried out by a single operator (M.M.). Following the first blood sample, one groin was anaesthetised using 1% lignocaine solution and arterial access obtained. Patients undergoing stenting had a small quantity of intra-arterial heparin and were fully anticoagulated with unfractionated heparin for 24 h after the procedure. The second sample was obtained immediately after the procedure After collection, the citrated blood was centrifuged at 5°C and 1,500 g and frozen at -70°C to await batch analysis. The volumes and type of contrast media were recorded as well as the site of the symptomatic lesion and intervention, if any, used.
Analysis for sP-sel (R & D Systems, Abingdon, UK), vWf (Dako, Copenhagen, Denmark) and TF (Axis Shield, UK) was performed by ELISA. Intra-assay and interassay variances of all assays were ! 5% and ! 10%, respectively.
Power Calculations
We hypothesized that values of sP-sel, vWf and TF would be increased by one half of a standard deviation between the time points of the study in patients undergoing angiography or angioplasty. This would require a minimum of 25 patients to complete the study with a power of 80% and a significance of ! 0.05.
Statistical Analyses
Normality tests were performed on all data. Parametric data are expressed as mean (standard deviation, SD) whilst non-parametric data, as median (interquartile range). Comparisons between cases and controls were performed with the unpaired t test and the MannWhitney U test, as appropriate, whilst the effects of angiography were assessed using paired t tests, using the null hypothesis that there would be no difference between baseline and immediately after the procedure. A probability of ! 0.05 was considered as statistically significant.
Results
Co-morbidities, ankle brachial pressure index (ABPI), and demographics were recorded prior to the procedure and are shown in table 1. The separate results of the angiogram and angioplasty patients are given in table 2. The type of intra-arterial contrast used was Niopam 300 (a non-ionic contrast medium). The volumes of contrast used are recorded in table 1. There was no statistically significant difference between the volumes of contrast used between the two groups (unpaired t test, p = 0.448).
Patients with PVD had significantly higher vWf and sP-sel levels compared to controls (both p ! 0.001), but median TF levels were not significantly different (p = 0.344). In the whole group, there was a significant reduction in sP-sel levels (p ! 0.001, paired t test) following angiography/angioplasty, but no significant change in vWf and TF levels.
In patients undergoing angiography only, there was a significant drop in mean sP-sel (p ! 0.001, paired t test) and vWf (p = 0.044) values following the procedure, whilst TF levels were not significantly changed (p = 0.370, Mann-Whitney U test) ( fig. 1 ). In patients undergoing angioplasty and stent, mean sP-sel levels fell immediately after the procedure (p = 0.001, paired t test), but there were no statistically significant changes in vWf and TF levels ( fig. 2 ).
Makin/Chung/Silverman/Moss/Lip 
Discussion
This study confirms previous observations of endothelial damage/dysfunction and abnormal platelet activation, as indicated by raised levels of vWf and sP-sel, respectively [11] [12] [13] [14] [15] [16] [17] [18] . However, we failed to demonstrate the increased levels of free TF in the plasma of these patients at baseline in contrast to previous studies [19] . This may in part be due to the small sample size, compared to previous work [19] . It is well established that vWf levels are high in PVD [11, 14] , although the value of vWf for predicting the locus of the disease in the peripheral artery architecture is less impressive [13] . Following peripheral angiography, vWf has been shown to increase in a small number of patients undergoing a mixture of angiography and angioplasty [1] , as found in the present study. Another study of patients with intermittent claudication undergoing angioplasty showed an increased level of vWf levels taken from the arterial puncture immediately after the procedure, suggesting endothelial disturbance, but this rise was not sustained in venous samples obtained 4 months later and was independent of subsequent restenosis [20] . Coronary angioplasty and angiography also appears to cause an increase in vWf after 4 h [7] and 24 h [2] .
sP-sel levels have been found to be increased in patients with atherosclerosis [18] although not necessarily associated with the extent of the atherosclerosis [18, 21] . In PVD, sP-sel levels have been found to be increased compared to controls [15] [16] [17] [18] although again, the rela-Makin/Chung/Silverman/Moss/Lip tionship with the extent of disease is not apparent [17] . In patients undergoing angioplasty, sP-sel levels are higher in patients who developed late restenosis; furthermore, sPsel levels and the severity of PVD (Fontaine stage III/IV) were found to be associated with late restenosis in a logistic regression risk factor analysis with an overall predictive value of 72% [22] . This appears to be broadly similar to results obtained following coronary angioplasty [6] .
In the present study, we had expected an increase in free plasma TF following the tissue injury associated with angioplasty/stenting, but this was not found. Under normal physiological conditions, TF is expressed only on extravascular sites and perivascularly in the adventitial layer of blood vessels. Normal endothelial cells and monocytes do not express TF, however, it is clear that platelets and lymphocytes can induce TF expression in these cells, leading to a pathological pro-thrombotic state [23] [24] [25] [26] [27] [28] . TF has also been identified in several cell types associated with the atherosclerotic plaque including foam cells and monocytes [29] , as well as the endothelium overlying these cells [30] , suggesting that cells that are not normally thrombogenic may acquire this property [31] . TF-mediated coagulation also appears to be primarily responsible for prolonged procoagulant activity of balloon-injured arteries [32] . However, experimental studies suggest that the loss of luminal TF into the circulation following balloon angioplasty of rat aortas may possibly attenuate thrombosis at sites of arterial injury [33] . The role of TF in restenosis is supported by experimental evidence suggesting that TF plays a direct role in neointimal development by coagulation-dependent and independent pathways [34] . Clearly, the relation between TF and PVD is complex, and further studies are required to elucidate the interactions between pathogenesis and restenosis.
Although previous studies have shown increased levels of vWf following angiography in patients with and without atherosclerosis [2] and sP-sel in patients with both coronary disease and PVD [1] , there was an unexpected drop in both sP-sel and vWf immediately following the procedure. This might be explained by the patient being 'rested' on the angiography table but does not explain the discrepancy with other studies. The angioplasty/stent group results are equally surprising given that despite the intervention, and hence mechanical endothelium trauma, the vWf values do not (dramatically) rise as expected. Furthermore, the sP-sel values appear to drop immediately after the intervention in a similar way to the non-intervention group. However, as simple angiography allows a drop in vWf and angioplasty shows no change, it could be inferred that the intervention results in some endothelial damage. Whilst it has been suggested also that the contrast medium causes endothelial and platelet dysfunction in some situations [1] , the data do not seem reproducible and are not only sensitive to the volume of contrast but also to the type [3, 10] . This study is limited by its relatively small numbers, but we have fulfilled our power calculation. We also recognise that there are many possible indices (apart from TF, vWf and sP-sel) that can be used to represent thrombogenesis, endothelial damage/dysfunction and platelet function, respectively. Furthermore, our controls were healthy, but the main reason for including this healthy control group was not to emphasise the case/control comparison (as previously addressed by many other authors [11] [12] [13] [14] [15] [16] [17] [18] [19] ), but to indicate approximately 'normal' levels of the haemostasis markers for comparisons with the PVD patient group. Finally, we did not measure concomitant albumin or total protein levels to provide some reference to the degree of haemodilution, although in view of the relatively small volume of contrast used, this is likely to be minimal.
In conclusion, the present study suggests that there appears to be a reduction in plasma sP-sel levels following angioplasty and stenting for PVD, suggesting alterations in platelet physiology, which may be accompanied by some alterations in the endothelium. The possibility that these changes may have pathophysiological implications for understanding platelet and endothelial reactions to angiography and associated interventions (that is, angioplasty and stent) needs to be explored.
